The central question is: what are the optical principles upon which crypsis is achieved by opaque organisms in shallow, nearshore marine habitats?
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Image analyses this year centered on development of a suite of methods to be used as evaluation tools for camouflage effectiveness. The variogram approach has been dropped as a major focus because after months of effort its utility is questionable. This suite of methods (nearly 20 total) is divided into 3 basic approaches. The first is texture analyses, which comprise granularity statistics, 1 st order intensity histogram statistics, 2 nd order structure-based intensity statistics, and structure-based variogram. The second is feature detectors, which include edge detectors, harris corner detectors and morphological operators. The third is gestalt psychology, which applies the principles of human visual perception through figure/ground segregation and psychophysics experiments.
Concept development of camouflage visual mechanisms progressed well this year. Perhaps the central focus within the vision science/behavioral ecology community is on how to prove quantitatively and experimentally that disruptive coloration is a separate mechanism from background matching. Our lab has been a major player in this because we specialize in the animal group that is most advanced in adaptive coloration, the cephalopods. We combined our recent lab experiments (not funded on this grant) with recent field observations and images (funded on this ONR grant) to produce a paper (in press; see below) demonstrating support for one of the key attributes hypothesized for disruptive coloration: that contrast on the animal's body pattern can be very high, and will match and even exceed that of the visual surrounds. This is a counterintuitive notion, since most people will assume that high contrast will make an animal more visible, not more camouflaged.
RESULTS

Photography and Videography in situ.
One key question in camouflage effectiveness is how well certain patterns scale up; that is, does a certain pattern seen in a small animal work on a large animal? If so, on what type of visual background will it work? To that end, we have been seeking a location where we can find large groupers and see if they (i) can change their camouflage patterns, and (ii) use the same range of camouflage patterns as small groupers. As reported last year, we have a good photographic base on Nassau groupers showing that they use the 3 basic camouflage pattern types that we discovered in cephalopods: Uniform, Mottle and Disruptive (UMD). Figure 1 shows two Goliath groupers, Epinephelus itajara, next to NOAA's Aquarius underwater manned habitat off Key Large, FL. The larger grouper is ca. 130lbs. We dived around this habitat for one week in May 2008 and obtained several hundred photographs, but none against natural backgrounds. However, this figure shows an important feature of grouper camouflage: they can control the contrast of their skin patterns, and our video shows that they can change contrast and pattern in about 3-5 seconds (and perhaps faster). We found that they show UMD patterns similar in construction to UMD in small Nassau groupers. Thus, large fish are also using UMD for camouflage, and the basic makeup of the pattern (in this case, vertically arranged disruptive bands) is similar. Figure 2 provides measurements of contrast in disruptive camouflage patterns in cuttlefish, Sepia officinalis. The top two images show a lab image in which the so-called "white square" skin component of the cuttlefish is higher in contrast than 20 other discrete blobs in the visual background. The 4 remaining photographs are from this year's field work in Turkey. This animal, when viewed closeup (images a,b) has higher contrast on its "white head bar" than 20 samples of the immediate surrounds, suggesting a disruptive visual effect. When viewed in wider scope (as in distance or peripheral vision by a predator; images d,e), the cuttlefish white head bar is comparable in contrast to other light objects in the visual field, thus becoming a random sample of other light objects. This latter phenomenon is a form of background matching. Thus, a single pattern may be achieving camouflage by a combination of disruptive coloration as well as background matching.
Disruptive camouflage measurements of high contrast.
IMPACT/APPLICATIONS
The discovery that large fishes such as Goliath groupers (comparable in size to a human) use Uniform, Mottle and Disruptive patterns provides insight into camouflage mechanisms, because Uniform and Mottle patterns work by background matching, whereas Disruptive works partly by background matching but also by obscuring the recognizable outline or shape of the animal. In short, camouflage in nature uses two primary tricks: it interferes with detection (via background matching) or interferes with recognition (via disruptive coloration) by the predator. Our paper (cited below) suggests that certain camouflage patterns might address both visual camouflage mechanisms simultaneously.
We learned in the S. Australia work (see below on NGS grant) that cuttlefish at night do not produce a very good color match, although other key factors (e.g. overall intensity, contrast, pattern) are very well matched. This supports the idea that marine nocturnal predators are not capable of using color vision, so that night camouflage is an achromatic process, not unlike the terrestrial IR world that the military operates in during night operations.
TRANSITIONS
A few of our original ideas on mechanisms of camouflage are being considered by ARL and DARPA.
RELATED PROJECTS
The PI has two related projects sponsored by military agencies. We continue to benefit from them in terms of developing a suite of methods that can be used for quantifying various aspects of camouflage. This has been immensely helpful in testing novel approaches to quantifying camouflage, a subject that has received only scant attention in any of the scientific fields.
A third related project was conducted in June and July 2008 sponsored by a National Geographic Society Research Grant. The NGS grant was presented as augmentation to this ONR grant, and the objective was to acquire a large sample (i.e. >500) of 3D images of camouflaged cuttlefish both day and night, and to determine whether these animals color match as well at night as they do in the daytime. We used an AUV to conduct surveys at day and night, and we augmented this with a select number of SCUBA dives with hand-held cameras to obtain comparative images. The marine operations were highly successful and we obtained nearly 1000 images of cuttlefish camouflage that will be analyzed in the next year.
PUBLICATIONS
A special volume on Camouflage has been arranged for Philosophical Transactions of the Royal Society. We were invited to submit a paper and it was accepted 20 Sep 2008.
